Two experiments were conducted in 2011-2012 to evaluate the fermentation parameters, microbiological composition and aerobic stability of grass and whole crop maize silages treated with microbial inoculants, different blends of the selected bacterial strains and blend of the selected bacterial strains in combination with sodium benzoate. Wilted ryegrass:timothy and whole crop maize with 265 and 276 g kg -1 dry matter (DM) content were ensiled in 3 litre laboratory silos. The mean water soluble carbohydrate (WSC) concentration, buffer capacity and nitrate concentration in ryegrass:timothy and whole crop maize were 101.8 and 98.9 g kg -1 DM, 355 and 217 mEq kg -1 DM, and 153.2 and 841.1 mg kg -1 DM, respectively. Silages treated with the tested inoculants were characterized by higher concentrations of DM compared with the untreated silage. Ryegrass:timothy and maize herbage inoculant treatments before ensiling significantly decreased (P < 0.05) pH, significantly reduced butyric acid, ammonia-N concentrations and DM loss compared with control silage. Ryegrass:timothy and maize silages inoculated with homofermentative bacteria blends produce higher (P < 0.05) lactic acid compared with that of the control silage. Butyric acid, alcohols and N-NH 3 fraction concentrations were significantly (P < 0.05) decreased by inoculation. When compared with control silage, increased (P < 0.05) acetic acid concentration and decreased lactic acid concentration were observed in ryegrass:timothy silages and maize silages inoculated with heterofermentative lactic acid bacteria (LAB) strain Lactobacillus buchnery. The LAB blends used in our experiment significantly suppressed yeast and moulds growth reflected in the lower concentration of alcohols, generally correlated to yeast activity in silages. Inoculation increased the aerobic stability of ryegrass:timothy and maize silages, compared with control silage. The aerobic stability of inoculated ryegrass:timothy and maize silages was improved by 66-312 hours compared to control silage.
Introduction
Milk and beef meat production systems in different climatic zones have been developed to utilize local feed resources. Due to the short grazing period (140-150 days) in Lithuania grazed grass cannot contribute more than 30-35% of the total feed energy for cattle. This has increased the importance of conserved forages in dairy cows and fattening cattle rations.
Progress in improving silage quality and nutrient use efficiency is influenced by a number of factors, but as implied from the above account, advances in plant breeding and additives for manipulating silage fermentation and ruminal processes present interesting opportunities (Davies et al., 2005) . A wide variety of additives were evaluated for their efficacy as preservatives; however, bacterial inoculants were topical during the last two decades and their potential to improve silage fermentation (Filya et al., 2007) , and animal productivity was widely demonstrated (Contreras-Govea et al., 2009) . Selection of effective bacteria strains and bacteria blends for the use as inoculants is crucial for successful ensiling (Saarisalo et al., 2007) . The lactic acid bacteria (LAB) inoculant strains have been selected for rapid growth under wide range of temperatures and dry matter concentrations. These strains are highly competitive and produce largely lactic acid, reducing pH compared to untreated silage (Muck, 2012) . However, most well preserved and energy rich silages are prone to aerobic deterioration after opening. When oxygen is introduced to silage, aerobic microorganisms begin to grow, initially respiring soluble substrates and then more complex compounds. Yeasts are generally the initiators of aerobic deterioration, consuming sugars, fermentation acids and raising silage temperature (Pahlow et al., 2003) . Finally, moulds complete the deterioration of the silages (Dolci et al., 2011) . There is evidence that aerobic deterioration generates an accumulation of degradation products or changes in volatiles (Krizsan, Randby, 2007; Weib et al., 2011) and could affect feed intake negatively. Wichert et al. (1998) concluded that dairy cows fed on silage of poor hygienic quality that had undergone deterioration after being exposed to air showed a decrease in forage intake of about 10% to 20% in comparison to fresh silage. Some crop maize silages treated with microbial inoculants inoculant LAB strains produce anti-microbial compounds that inhibit mould growth or undesirable bacterial species like Salmonella sp., Listeria sp. and Escherichia coli (Gollop et al., 2005) . Kleinschmitt et al. (2005) indicated that improved aerobic stability was observed in different types of forages when acetic acid and propionic acid production in silage fermentation increased with L. buchneri inoculation. In the study (Jatkauskas et al., 2013) , selected LAB inoculants were efficient in improving fermentation, reducing protein breakdown and nutrient losses of grass, clover-grass, lucerne and maize silages. Homofermentative LAB in combination with sodium benzoate led to silages with higher lactic acid content, when inoculation with single heterofermentative LAB or with mixture of homo-and heterofermentative LAB resulted in higher levels of acetic acid. An enhancement of aerobic stability by additive application was obtained in all inoculated silages. Single strain L. buchneri was more effective in improving aerobic stability of silages.
The objectives of this experiment were to evaluate the effects of the inoculants containing new combination of homofermentative and heterofermentative lactic acid-producing bacteria strains with either no other components or with sodium benzoate on fermentation end-products, microbial population and aerobic stability in grass and maize silages.
Materials and methods
Experiments were conducted in 2011-2012 at Institute of Animal Science, Lithuanian University of Health Sciences according to the DLG (Deutsche Landwirtschafts-Gesellshaft e.V./ internationally acknowledged German Agricultural Society) Guidelines for the testing of silage additives.
Test material. The lactic acid bacteria (LAB) strains rather than formulations were registered as silage additives in the European Union. Therefore, trade names are not provided in Table 1 . Inoculants were supplied by "Chr. Hansen A/S" ("Hørsholm", Denmark) as freeze-dried powders in sealed aluminium pouches clearly labelled. The test materials were stored at temperatures below 5ºC until used. Opened pouches were discarded after use.
Crop material and micro-silo preparation. A mixture of perennial ryegrass (Lolium perenne L.) and timothy (Phleum pratense L.) (ryegrass:timothy) (70:30 on fresh weight basis) at 2-year-old, second cut, at the early bloom stage of maturity of red clover and whole crop maize (Zea mays L.) at the one-third milk line stage of maturity were used in the present experiments. The ryegrass:timothy was harvested in mid August. The crop was cut by a mower conditioner "Kverneland Taarup 347" ("Kverneland Group", Norway), wilted to a DM concentration of 265 g kg -1 and chopped by a forage harvester to 2-3 cm length under farm conditions. The whole crop maize cultivar 'Baxxos FAO 200' was harvested in the beginning of October. Whole crop maize was harvested and chopped at the one-third milk line stage of maturity (a DM concentration of 276 g kg -1 ) with a maize harvester "CLASS JAGUAR 840" ("Class group", Germany) to a length of 2-3 cm. Laboratory experiments started within 2 h from crop preparation. Six silage inoculants were used in the experiments and 140 micro-silos (70 ryegrass:timothy and 70 whole crop maize), 20 untreated and 120 inoculated were ensiled.
The test materials were suspended in distilled water immediately prior to application targeting a dosage of 1.5 × 10 8 cfu ml -1 of suspension for the products 0, 1, 2a, 2b and 3 and -1.0 × 10 8 cfu ml -1 of suspension for the product 4. The application rates of the inoculants were in accordance with the level of LAB in the inoculants as determined by manufacturer and in accordance with Table 1 , column 5. Additionally, 400 g sodium benzoate for P2a was diluted in 1 litre of distilled water. The same volume (4 ml g -1 of fresh forage) of chlorine-free water was used instead of the suspension in the control treatment (for spontaneous fermentation). The number of viable bacteria in each suspension used for inoculating the micro-silos was counted on DeMan-Rogosa-Sharpe (MRS) agar (ISO 15214, Leuschner et al., 2003) . Threelitre glass jars were used in the experiment. The density of forage in the mini-silages was in compliance with ISSN 1392 -3196 Zemdirbyste-Agriculture Vol. 100, No. 2 (2013 145 DLG recommendations, 1 kg DM per 5 litre volume. The silos were capped with a lid enabling gas release 30 min after being filled. Ensiling lasted for 90 days at a constant temperature of 20°C. Sampling and analysis. Five representative samples (>500 g) of each chopped forage were collected for subsequent chemical and microbiological composition analysis. At the sampling time of silages on day 90 of the ensiling period, five micro-silos per treatment and crop (70 micro-silos) were weighed for determination of DM loss and subsequently opened and sampled to analyze the DM content, pH, fermentation products and ammonia-N. The remaining 70 micro-silos (5 from each treatment and crop) were used for aerobic stability measurement. The fermentation loss was calculated as the difference between the initial and final weight. Samples of ensiled material in 0.7-litre silo (5 from each field and each treatment) were subjected for pH-value tests 3 days after ensiling for ryegrass:timothy and 2 days after ensiling for whole crop maize.
The DM content of forage and silage, chemical composition, volatile fatty acids, lactic acid and alcohols concentrations were determined as described previously by Jatkauskas et al. (2013) .
Presence of Clostridium perfringens was quantified on reinforced clostridium agar Petri dishes incubated anaerobically at 37°C for 72 h (horizontal method for the enumeration of C. perfringens -colonycount technique (ISO 7937:2004) . Amount of lactatereducing yeasts and moulds at the time of silage unloading was tested on extract-dextrose-chloramphenicol-agarmedium Petri dishes incubated aerobically at 25°C for 3 to 5 days (microbiology -general guidance for enumeration of yeasts and moulds -colony-count technique at 25°C (ISO 7954:1987(E) ).
After opening the micro-silos, all silages were subjected to an aerobic stability test. A 1000 ± 10 g sample from each silo (five silos from each treatment and crop) was loosely placed into a polystyrene box according to recommendations from DLG and allowed to aerobically deteriorate at constant room temperature (20°C). A transducer was placed in the centre of the silage mass through a hole in the cover of the box, which exposed the silage to air. These silages were not disturbed during the period of recording the temperatures. Ambient temperature and the temperature of each silage was recorded every 6 h by a data logger. Ambient room temperature was measured by using an empty control box. Aerobic stability of silages was examined by calculating the differences between silage temperature and ambient room temperature adjusted for base ambient temperature. Aerobic stability was defined as the number of hours the silage remained stable before rising more than 3°C above the ambient temperature (Moran et al., 1996) .
Statistical analysis. Silage composition data were subjected to one-way analysis of variance for a 7 (additive) factorial arrangement of treatments within a randomized complete block design by using Proc GLM of SAS, version 8.02 (Statistical Analysis System, 2000) . Aerobic stability data for each crop type were analyzed separately by one-way analysis of variance in a randomized complete block design and where temperatures were treated as repeated measurements. Significance of the differences between the means was determined according to the least significant difference (LSD) at 0.05 probability level.
Results
Chemical and microbiological composition of herbage. The mean chemical and microbiological composition of the ryegrass:timothy and whole crop maize at ensiling is summarized in Table 2 . Ryegrass:timothy grass was wilted up to 265 g kg -1 of dry matter. The concentration of WSC was medium (101.8 g kg -1 DM) and the crude protein content was medium too (171.6 g kg -1 DM). The buffering capacity was typical of grass herbage (355 mEq kg -1 DM). Consequently, ryegrass:timothy was characterized as moderately difficult to ensile. Chemical and microbiological composition of silage. The results for all six products used for the cultivar of ryegrass:timothy treatment are presented in Table 4 .
Products used for the ryegrass:timothy silage inoculation (except inoculants P0 and P1) significantly increased dry matter content. Inoculants used for ryegrass:timothy inoculation significantly decreased DM loss (except P0) compared with control silage. All six treatments resulted in significant (P < 0.05) pH drop after 3 days and after 90 days of ensiling compared with control. When compared with control silage, increased (P < 0.05) acetic acid concentrations were observed only in silage inoculated with P0. No significant differences in the lactic acid, butyric acid, propionic acid concentrations were detected between the untreated silage and silage treated with P0. Treatments P2a and P4 significantly decreased acetic acid concentration compared with control. Treatments P1, P2a, P2b, P3 and P4 produced higher (P < 0.05) lactic acid concentration compared with that of the control silage. Butyric acid, alcohols and N-NH 3 fraction concentrations, yeast and mould counts were significantly decreased (P < 0.05) by application of all inoculants. The ensiling characteristics of whole crop maize silages are shown in Table 5 .
The quality of inoculated whole crop maize silages was significantly improved compared to that of the untreated, control silage. The blend of selected bacterial strains and the blend of selected bacterial strains in combination with sodium benzoate used for the whole crop maize silage inoculation (except inoculants P0 and P1) significantly increased dry matter content. All products used for inoculation ryegrass:timothy significantly decreased DM loss compared with control silage. All six treatments resulted in significant (P < 0.05) pH drop after 2 days and after 90 days of ensiling compared with control. Treatment P0 decreased (P < 0.05) lactic acid concentration, increased (P < 0.05) acetic concentration compared with control silage. Treatment P1 had no effect on lactic acid formation, but increased (P < 0.05) acetic acid concentration compared to the control silage.
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The treatments P2a, P2b, P3 and P4 produce higher (P < 0.05) lactic acid concentration, lower (P < 0.05) acetic acid concentration compared with that of control silage. Butyric acid, alcohols and N-NH 3 fraction concentrations, yeast and mould counts were significantly decreased (P < 0.05) by all six products applied. Aerobic stability of silages. During aerobic exposure untreated (no additive) ryegrass:timothy silage had a temperature rise of more than 3°C above the ambient after 96 h (Fig. 1) . P2b, P3 and P4 silages had a temperature rise of more than 3°C above the ambient after 162 h. P2a silages had a temperature rise of more than 3°C above the ambient after 174 h. P1 silage had a temperature rise of more than 3°C above the ambient after 234 h. P0 silage remained stable during the full aerobic stability measurement period (312 h). Therefore, Figure 1 . Aerobic stability of ryegrass:timothy silages untreated or treated with blends of bacterial strains and blend of bacterial strains in combination with sodium benzoate as silage inoculants Explanations under Table 4 the aerobic stability of P2b, P3 and P4 silages was improved by 2.7 d (66 h), the aerobic stability of P2a silage was improved by 3.2 d (78 h), and the aerobic stability of P1 silage was improved by 5.7 d (138 h) compared to control silage. Aerobic stability of P0 silage was improved dramatically. During aerobic exposure untreated (no additive) whole crop maize silage had a temperature rise of more than 3°C above the ambient after 60 h (Fig. 2) . P2b, P4 , P3, P1, P2a and P0 silages had a temperature rise of more than 3°C above the ambient after 78, 78, 96, 138, 144 
Discussion
The ryegrass:timothy grass used in the experiment was only slightly wilted, resulting in a low dry matter concentration. It is advantageous if the inoculant succeeds also in high moisture conditions as weather conditions are not always optimal during harvest. The herbage contained a moderate concentration of WSC, which is typical of the plant species used. The mean DM concentration of the whole crop maize was 276 g kg -1 , buffering capacity was 217 mEq kg -1 DM. Ryegrass:timothy and whole crop maize silages treated 148
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with the tested inoculants were characterized by higher concentrations of DM compared with the untreated silage. This has also been confirmed by McDonald et al. (1991) .
In the present study, after 2-3 days of ensiling and at the end of the ensiling period (90 days), all LAB treatments significantly (P < 0.05) reduced pH relative to that of the control. Filya et al. (2007) concluded that main effects of silage inoculants were increased production of lactic acid connected with significant reduction of pH value and minimised dry matter losses. In our experiment, products used for the ryegrass:timothy and whole crop maize silage inoculation significantly (P < 0.05) decreased DM loss compared with control silage. Ryegrass:timothy and whole crop maize silages inoculated with homofermentative LAB blends (P2a, P2b, P3 and P4) produced higher (P < 0.05) lactic acid concentration compared with that of the control silage. Such shifts (lower pH) in silage fermentation with homofermentative LAB strains are consistent with the study of Filya et al. (2007) when such inoculants were successful. All six products tested in our experiment significantly decreased (P < 0.05) butyric acid, alcohols and N-NH 3 fraction concentrations and significantly suppressed (P < 0.05) yeast and moulds count. Kleinschmit et al. (2005) found reduced fungal populations in silages treated with LAB additives. Knicky and Lingvall (2004) obtained reduction of yeast growth by application of sodium benzoate in both low and high DM red clover and timothy silages. In our experiment, the LAB blends or LAB blend in combination with sodium benzoate significantly suppressed yeast and mould growth reflected in the lower concentration of alcohols, generally correlated to yeast activity in silages. Recently, Prema et al. (2010) isolated Lactobacillus plantarum strain from grass silage that produced 3-phenillactic acid and demonstrated that this strain inhibited a wide range of mould species common to silage. Skytta et al. (2002) showed that a combination of a selected inoculant and sodium benzoate inhibited the growth of yeast isolated from grass silage.
In our experiment, silages treated with inoculants containing LAB strain L. buchnery (P0 and P1) significantly decreased lactic acid concentration and significantly increased acetic acid concentration. The reduction in the lactic acid with L. buchneri was reported by Reis et al., 2005 . All six products tested in ryegrass:timothy and maize silages significantly reduced butyric acid and ammonia-N concentrations compared with control. The fermentation processes are possibly accelerated in the inoculated silages resulting in less proteolysis of plant proteins and ammonia-N concentrations. The positive effects of LAB inoculants on nitrogen fractions can be explained either by domination of the fermentation resulting in the rapid achievement of a low pH or via the low proteolytic activity of the strains. Saarisalo et al. (2007) indicated that L. plantarum strain was efficient in producing lactic acid, lowering pH rapidly and especially decreasing the ammonia-N production in silages.
The data presented in this report show that all six products used for inoculation increased the aerobic stability of ryegrass:timothy and whole crop maize silages, compared with control silage. P0 and P1 inoculants were more effective to increase aerobic stability of silages and to prevent aerobic deterioration. Therefore, L. buchneri (P0), L. buchneri in combination with homofermentative LAB (P1) as well as inoculation with homofermentative LAB in combination with sodium benzoate (P2a) was most effective in decreasing aerobic deterioration in ryegrass:timothy and maize silages. Studies (Reis et al., 2005; Danner et al., 2003) provide more definitive evidence for the existence of certain LAB strains with the power to inhibit yeast and moulds growth, to control temperature during aerobic exposure and to improve aerobic stability. The improvement of aerobic stability was observed in a timothy:meadow fescue silage by using L. buchneri or sodium benzoate in combination with L. plantarum (Jaakkola et al., 2010) . Danner et al. (2003) investigated the effect of different compounds formed by heterofermentative LAB on aerobic stability of silage and concluded that aerobic stability was directly correlated to the amount of acetic acid present in silages. The amount of undissociated acetic acid has been identified as the most important factor to consider when attempting inhibiting yeast growth in silages (Danner et al., 2003) . Broberg et al. (2007) and Ratanapibulsawat et al. (2005) have isolated l LAB strains from silages that produce inhibitory activity against a variety undesirable bacterial species and improve aerobic stability of the silages. 
